Prior studies on the association between fertility treatment and childhood cancer risk have generated inconsistent results. We performed a systematic review and meta-analysis of observation studies to summarize the evidence regarding the relation of fertility treatment with childhood cancer risk. A systematic literature search of several databases was conducted through April 2018 to identify relevant studies. The outcomes of interest included overall cancer, haematological malignancies, neural tumours, other solid tumours, and eight specific cancers. The overall risk estimates and corresponding 95% confidence intervals (CIs) were pooled using random-effects meta-analysis. Sixteen cohort and thirteen case-control studies were included. Results showed that children conceived by fertility treatment had significantly higher risk for developing overall cancer (relative risk [RR]: 1.16, 95% CI: 1.01, 1.32), haematological malignancies (RR: 1.39, 95% CI: 1.21, 1.60) and other solid tumours (RR: 1.57, 95% CI: 1.14, 2.16). For specific cancers, fertility treatment was associated with a significantly increased risk of leukaemia (RR: 1.31, 95% CI: 1.09, 1.57) and hepatic tumours (RR: 2.26, 95% CI: 1.32, 3.85). Sensitivity analysis validated evidence of the robustness of the findings. The results may demonstrate a possible association between fertility treatment and an increased risk of cancer among the offspring. However, the findings cannot say whether this increased risk is due to the subfertility itself or to the fertility treatment. Further research is needed to address the underlying mechanisms.
Introduction
As reported, more than 7 million children worldwide have been conceived by assisted reproductive technology (ART), 1 and many more children are presumably born after other types of fertility treatment. Among children born after fertility treatment, increased risk of short-term outcomes has been well-recognized, including birth defects, preterm birth, low birth weight and small for gestational age; 2 as these children have grown up, it is very important to monitor their longterm health effects. Since the first three studies published in the early 1980s and 1990s suggested the possibility of increased risks of cancer in children born after ART or hormonal treatment, [3] [4] [5] quite a few studies have focused on the association between fertility treatment and childhood cancer. However, the findings were discrepant.
Two meta-analyses have been performed. The metaanalysis published in 2005 did not find an elevation of cancer risk in children conceived by fertility treatment. 6 In the study, only cohort studies of ART were included, and all types of cancers were assessed together, which may lead to the potential disguise of elevated risks of certain types of cancer. In another meta-analysis published in 2013, a statistically significantly increased risk of cancer was detected in children conceived by ART or fertility drugs, as well as the increased risk of specific cancers including leukaemia, neuroblastoma and retinoblastoma. 7 However, this analysis was not exhaustive, as the specific risk of several rare but important specific cancers was not reported, such as CNS tumours, lymphoma, germ cell tumours, etc. In addition, the influence of the difference in the reference group on the overall risk was not considered. Furthermore, several large, population-based cohort studies with longer follow-up time have been published which showed no overall increased risk of childhood cancer in relation to fertility treatment.
Therefore, we thought it was important to perform an updated meta-analysis regarding the association between fertility treatment and the risk of childhood cancer. The result of our study may lead to better understanding of cancer risk in children conceived by fertility treatment, which will help to guide future management and contribute to guidelines for clinicians.
Materials and Methods
The present meta-analysis was conducted after the Proposed Systematic Reviews and Meta-analyses (PRISMA) and Meta-analysis of Observational Studies in Epidemiology (MOOSE) reporting guidelines. Prior to the search, a plan regarding the study design, search strategy and study selection criteria was written and approved by all authors. The protocol was registered at PROS-PERO with registration number CRD42018106192 and is available at https://www.crd.york.ac.uk/PROSPERO/#recordDetails.
Search strategy
Two authors independently identified studies published in English and Chinese prior to April 2018, and reported data on cancer risk among children born after fertility treatment. PubMed, Embase, Web of Science, China Biology Medicine disc (CBMdisc), Chinese Scientific Journals Fulltext Database (CQVIP), China National Knowledge Infrastructure (CNKI), and Wanfang Database were systematically searched. The search terms used are shown in Supporting Information File 1. Furthermore, the reviewers manually searched the reference lists of identified articles to identify any relevant studies missed in the initial search.
Exposures and outcomes
The exposure of interest was any type of fertility treatment included ART and fertility drugs. ART was defined as artificial insemination, conventional in-vitro fertilization (IVF), intracytoplasmic sperm injection (ICSI) and other forms of treatment. Fertility drugs included clomiphene, progesterone, gonadrotropins (human menopausal gonadotropin, follicle-stimulating hormone), gonadotropin-releasing hormone, human chorionic gonadotropin, and a group of other fertility drugs.
The outcomes of interest included overall cancer, haematological malignancies, neural tumours, other solid tumours, and eight specific cancers including CNS tumours, neuroblastoma, leukaemia, lymphoma, retinoblastoma, hepatic tumours, bone tumours and extraosseous sarcomas, and germ cell tumours.
Study selection
At the stage of titles and abstracts screening, we purposely broadened the inclusion criteria to obtain any relevant study. First, Chinese or English studies which centered on cancer among children born after fertility treatment were considered for inclusion. Then full texts of all selected studies were reviewed. Studies were included if they 1) were cohort or casecontrol in design, and 2) provided sufficient information to allow for relative risk estimates and their 95% CIs for cancer in exposed children to be calculated, including the risk ratio (RR), hazard ratio (HR), standardized incidence ratios (SIR) and odds ratio (OR). For cohort studies, the general population, children not conceived by ART, children conceived naturally, and children whose mother had a diagnosis of infertility but conceived naturally could be defined as the unexposed population. Only case-control studies that defined children without cancer as control were eligible for inclusion. Studies using a diagnosis of subfertility or infertility as the exposure variable were excluded. Reviews, conference abstracts, comments, case reports, experimental or qualitative studies, and duplicate publications were also excluded. The cases of disagreement are presented in Supporting Information File 2.
Data extraction
Two reviewers independently extracted and evaluated the data for each included article using a self-designed data abstraction form. Disagreements were resolved through discussion or consultation with a third reviewer when consensus could not be achieved. Authors of included studies were contacted if information was unclear or missing. The following data were extracted from cohort studies: the first author and year of publication, study period, geographic region where the study was conducted, years of follow-up, type of exposure (fertility treatment), non-exposed population (including the general population, children not conceived by ART, children conceived naturally, and children whose mother had a diagnosis of infertility but conceived naturally), reported cancers, number of cancers (observed or expected) and study participants in exposed and unexposed children, adjustments or matches made, and risk estimates with 95% confidence intervals (CIs) (if available, the adjusted ones were extracted). For casecontrol studies, the following data were extracted: the first author and year of publication, study period, geographic region where the study was conducted, type of exposure (fertility treatment), reported cancers, total numbers of cancer cases and control as well as numbers of exposed children in What's new? Fertility treatments and assisted reproduction have become increasingly common since the 1970's. Could these treatments increase the risk of cancer among children conceived via these technologies? In this meta-analysis, the authors found that the answer is 'yes': a number of positive associations were identified. They emphasize that these results should not deter potential parents from seeking treatment for infertility. However, parents should be aware that their children may have an increased risk of several childhood cancers. Further research is needed to address the underlying mechanisms. both groups, adjustments or matches made, and risk estimates with 95% CIs (if available, the adjusted ones were extracted).
Study quality assessment
Study quality of included studies was assessed using the Newcastle-Ottawa Scale (NOS) for cohort studies and casecontrol studies. This scale was composed of 8 items. It ranged from 1 to 9 stars and assessed the quality of each study based on three modules: 1) the selection of exposed and non-exposed cohorts, or of a case and a control; 2) the comparability of cohorts, or of the case and control; and 3) the ascertainment of outcome or exposure. A study can be awarded a maximum of one star for each numbered item within the first and third module. A maximum of two stars can be given for the second module. A final score ≥ 6 (median) was regarded as high quality.
Statistical analyses
RR was used as the measure of the association between maternal fertility treatment and risk of childhood cancers among offspring. The HRs, SIRs and ORs were directly considered as RRs. For studies that reported risk estimates for different types of specific cancer under the same category separately, we combined these estimates within the same study and calculated combined RRs by a fixed-effects model for the main analysis. For example, if a study reported the risk estimates for leukaemia and lymphoma separately, the two estimates would be combined into a single fixed-effect estimate of haematological malignancies. In addition, for two studies regarded children born in United Kingdom (1992-2008) after non-donor and donor ART as exposed population, we combined these two studies as a single study and calculated a combined RR by a fixed-effect model for the data analysis phase. 8, 12 Data of risk estimates and their corresponding 95% CIs were extracted from each study to calculate log-transformed estimates and their corresponding standard errors (SEs) which were used to stabilize the variance and normalize the distribution. Cochran Q test and the I 2 statistic were used to assess the heterogeneity of RRs across studies. The Cochran Q test was used to evaluate whether the variation across studies was compatible with chance, and p < 0.1 was considered to indicate significant heterogeneity. The I 2 statistic was a quantitative indicator used to evaluate the percentage of total variance in prevalence estimates due to statistical heterogeneity rather than chance, or sampling error (I 2 > 75% indicated high heterogeneity, 51-75% indicated substantial heterogeneity, 26-50% indicated moderate heterogeneity, and ≤ 25% indicated low heterogeneity). The pooled RRs and corresponding 95% CIs were calculated using random-effects meta-analyses. Subgroup analyses were performed based on geographic region (e.g., European countries and non-European countries), type of study design (e.g., cohort studies and case-control studies), type of exposure (e.g., ART and fertility drugs) and non-exposed population (e.g., the general population, children not conceived by ART, children conceived naturally, and children whose mother had a diagnosis of infertility but conceived naturally). Given that the proportion of children conceived by fertility drugs in the background population (children conceived naturally) is negligible, 13 we combined children not conceived by ART into children conceived naturally as a single group in the subgroup analysis. Since characteristic of unexposed population and adjustments or matches made were not consistent between studies, sensitivity analyses were conducted to examine the influence of different exclusion criteria on the overall RRs. Furthermore, the influence of individual studies on the overall RRs was determined by repeating the meta-analysis after the exclusion of each included study. Concerning about the influence of small-study effects on the results of our study, we recalculated these pooled estimates using the fixed-effect meta-analysis, and compared the fixedeffect and random-effects estimates. Publication bias was evaluated using Egger's line regression test (p < 0.05 indicated statistically significant differences). All analyses were performed using RevMan version 5.3 (Nordic Cochrane Center) and Comprehensive Meta-Analysis Version 2.2.
Results

Identification and characteristics of studies
In total, 11,525 unique citations were identified after an initial search. Of these, 11,476 were excluded after screening titles and abstracts, mainly because they were duplicates, reviews or not related to our study ( Fig. 1) . Then, the full text of 47 articles were reviewed, 18 of which were excluded (details see Supporting Information Table S1 ). Finally, a total of 29 studies were considered to be eligible and included in the systematic review and meta-analysis. Of the 29 observation studies included here, 16 were cohort in design [8] [9] [10] [11] [12] [13] [14] [15] 21, [26] [27] [28] [29] [30] [31] 34 and 13 were casecontrol. [16] [17] [18] [19] [20] [22] [23] [24] [25] 32, 33, 35, 36 The characteristics of the 16 cohort studies are shown in Table 1 . A total of 327,884 children born after fertility treatment were included, in which 578 were diagnosed with cancer. The age range of these affected children was 0 to 27 years. All studies were published between 1998 and 2018. Eleven studies (68.8%; 530 cancer cases/299,458 children born after fertility treatment) were conducted in Europe, 8, [10] [11] [12] [13] 15, 21, [26] [27] [28] 34 three (18.6%; 35 cancer cases/13,698 children born after fertility treatment) in Asia, 9, 14, 31 and two (12.5%; 13 cancer cases/14,728 children born after fertility treatment) in Oceania. 29, 30 Two studies (12.5%; 21 cancer cases/13,803 children born after fertility treatment) assessed the association between fertility treatment (ART or fertility drugs) and childhood cancer, 14, 29 one (6.3%; 88 cancer cases/1,017 children born after fertility treatment) regarded children conceived after the use of fertility drugs as the exposed cohort, 15 while the others (81.3%; 469 cancer cases/313,064 children born after fertility treatment) targeted on children born after ART. [8] [9] [10] [11] [12] [13] 21, [26] [27] [28] 30, 31, 34 In 11 studies, cancer risk during childhood in individuals conceived by fertility treatment was compared to the risk in those not conceived by ART (in eight studies; [9] [10] [11] 13, 14, 21, 27, 28 326 cancer cases/175,150 children born after fertility treatment), or those whose mother had a diagnosis of infertility but conceived naturally (in two studies; 15, 29 95 cancer cases/10,496 children born after fertility treatment); in the other six studies (157 cancer cases/142,238 children born after fertility treatment), cancer rates were compared to populationbased rates in the same country over the same period. 8, 12, 26, 30, 31, 34 Thirteen studies (75%; 437 cancer cases/299,999 children born after fertility treatment) stated the average follow-up time with the range of 3.8 to 10.55 years, [8] [9] [10] [11] [12] [13] [14] 26, 27, [29] [30] [31] 34 while the rest did not provide any relevant information. 15, 21, 28 Only three studies (16.7%; 2 cancer cases/8,735 children born after fertility treatment) did not adjust for any confounder when estimating the risk of childhood cancer associated with maternal fertility treatment, 27, 28, 34 whereas remaining studies (81.3%; 576 cancer cases/319,149 children born after fertility treatment) adjusted or matched for age, gender or other potential confounders. [8] [9] [10] [11] [12] [13] [14] [15] 21, 26, [29] [30] [31] The characteristics of the 13 case-control studies, which included 54,220 participants (cancer: 7,014; no cancer: 47, 206 ) and were published between 1996 and 2013, are shown in Table 2 . Six studies (46.2%; 148 individuals exposed to fertility treatment/4,045 cancer cases) were conducted in Europe [16] [17] [18] 23, 33, 35 and seven (53.8%; 139 individuals exposed to fertility treatment/1,962 cancer cases) in North America. 19, 20, 22, 24, 25, 32, 36 Six studies (46.2%; 148 individuals exposed to fertility treatment/3,864 cancer cases) reported the proportion of fertility drugs use in mothers whose children were diagnosed with cancer, 20, 22, 32, 33, 35, 36 as two studies (15.4%; 37 individuals exposed to fertility treatment/1,300 cancer cases) reported the proportion of ART application 18, 23 and five studies (38.5%; 161 individuals exposed to fertility treatment/1,607 cancer cases) reported the proportion of fertility treatment 16, 17, 19, 24, 25 of which four reported the proportion of fertility drugs use and ART application separately. 16, 17, 19, 24 Adjustments and matches were made in all studies.
After combination of the two studies from United Kingdom (1992-2008) and treatment of duplicate data (details were shown in Supporting Information File 3), among all studies included here, 12 studies reported on overall cancer, 13 studies on haematological malignancies, 10 studies on neural tumours and 13 studies on other solid tumours. For specific types of cancers, the number of studies reported on each type were as follows: 8 studies on CNS tumours, 7 studies on neuroblastoma, 13 studies on leukaemia, 6 studies on lymphoma, 8 studies on retinoblastoma, 7 studies on hepatic tumours, 6 studies on renal tumours, 5 studies on bone tumours and extraosseous sarcomas, and 5 studies on germ cell tumours. The quality of 16 cohort studies as well as 13 case-control studies was evaluated using the NOS as shown in Supporting Information Table S2 and Supporting Information Table S3 . The quality of those studies was generally good as all studies got 6 to 9 stars.
Fertility treatment and risk of overall cancer, haematological malignancies, neural tumours and other solid tumours Figure 2 shows the result from the random-effects model combining the RRs for overall cancer in children conceived by fertility treatment. Among the 12 cohort studies, 10 showed no statistically significant association between fertility treatment and risk of overall cancer. 8 
Fertility treatment and risk of specific cancers
The relationships between fertility treatment and risk of specific cancers are summarized in ) among children conceived by fertility treatment was significantly higher when compared to children conceived naturally, while no increased risk was found when compared to the general population or children whose mother had a diagnosis of infertility but conceived naturally (all p > 0.05).
Subgroup analyses for the risk estimates of specific cancers associated with fertility treatment are summarized in Supporting Information Table S5 . Overall, risk estimates of the following cancer outcomes increased further: leukaemia (1.37, 95% CI: 1.13, 1.66) and hepatic tumours (2.43, 95% CI: 1.11, 5.33) when data were restricted to studies conducted in European countries; retinoblastoma (7.80, 95% CI: 1.72, 35.41) and renal tumours (4.44, 95% CI: 1.78, 11.09) when data were restricted to studies conducted in non-European countries; hepatic tumours (2.53, 95% CI: 1.22, 5.26) when data were restricted to cohort studies; leukaemia (1.58, 95% CI: 1.27, 1.96) when data were restricted to case-control studies; hepatic tumours (2.22, 95% CI: 1.42, 3.48) when data were restricted to studies having the use of ART as the exposure of interest; leukaemia (1.68, 95% CI: 1.27, 2.21) when data were restricted to studies having the use of fertility treatment as the exposure of interest; bone tumours and extraosseous sarcomas (2.27, 95% CI: 1.01, 5.08) when data were restricted to studies having the general population as the non-exposed population; leukaemia (1.38, 95% CI: 1.14, 1.66) and hepatic tumours (2.22, 95% CI: 1.10, 4.52) when data were restricted to studies having children conceived naturally as the non-exposed population.
Sensitivity analyses
Sensitivity analyses were performed to examine the influence of different exclusion criteria on the overall risk estimate for childhood cancers associated with fertility treatment (Supporting Information Table S6 ). Results showed that exclusion of three studies with children whose mother had an infertility/subfertility diagnosis but conceived naturally as control, three studies without adjustment/match, or 14 studies without any adjustment or adjusted only for age and/or gender yielded similar estimates. Further exclusion of any single study did not materially alter the risk estimates for overall cancer as well as other types of cancer (Supporting Information Table S7 ).
In addition, to identify the influence of small-study effects on the outcomes, fixed-effect estimates of cancer risk were calculated and compared to the random-effects estimates; results showed that the estimates based on the two methods were similar (Supporting Information Table S8 ).
Discussion
In our study, by combining the results of all available cohort and case-control studies with the conventional method of meta-analysis, we provided evidence that fertility treatment is associated with an increased risk of overall cancer, haematological malignancies, and other solid tumours among the offspring, with a relative risk estimate of 1.16, 1.39 and 1.57, respectively. The risks increased further when data were restricted to studies with cohort design, studies having the use of ART as the exposure of interest, as well as studies having children conceived naturally as the non-exposed population. For specific types of cancer, significantly increased risks were found only for leukaemia and hepatic tumours while no increase in risk was detected for the other subtypes of childhood cancer. Given that different types of specific cancers may have different aetiologies, it may be conceivable that the risk for developing each specific cancer is inconsistent. To the best of our knowledge, our study is the most comprehensive meta-analysis assessing the association between fertility treatment and risk of childhood cancer, which can supply helpful information to both clinicians and couples who intend to receive fertility treatment, and help to guide further clinical management for children born after fertility treatment. To date, there are two existing meta-analyses of the childhood cancer risk in relation to fertility treatment. The meta- analysis of 11 cohort studies published in 2005 found a slightly higher but non-significant risk in children conceived by ART (RR = 1.33). 6 It is worth noting that, however, given the smaller number of cancer cases (47 cases) in the study, we cannot rule out the possibility that the potential significance of the elevation in risk cannot be detected due to the limited statistical power. In contrast, the meta-analysis published in 2013 by Hargreave et al., which based on 332 cancer cases in individuals conceived by fertility treatment, detected significant higher risks in relation to fertility treatment for overall cancer, haematological malignancies, neural tumours as well as other solid tumours, with risk estimates of 1.33, 1.59, 1.88 and 2.19, respectively. Furthermore, increased risks for specific cancers including leukaemia (RR = 1.65), neuroblastoma (RR = 4.04) and retinoblastoma (RR = 1.62) were also reported in the study. Consistent with the meta-analysis published in 2013, our study found significant elevation in risks of overall cancer (RR = 1.16), haematological cancers (RR = 1.39), other solid tumours (RR = 1.57) as well as leukaemia (RR = 1.31). By comparison, our estimates were slightly lower than those in the meta-analysis published in 2013, which may be due to the inconsistencies in included studies. On the one hand, the meta-analysis published in 2013 included three studies using hypothetical cohorts or without systematic follow-up of the cohort, which are not included in the present meta-analysis due to the use of stricter selection criteria. 3, 39, 40 Notably, after excluding studies with a different study design, all risk estimates in the meta-analysis published in 2013 decreased; among them, the elevations in risk for neural tumours as well as for specific cancers including neuroblastoma and retinoblastoma become non-significant. On the other hand, the meta-analysis was published earlier than five large cohort studies from United Kingdom, 8, 12 Denmark, 15 Norway 10 and four Nordic countries, 11 all of which were included in our study and showed relatively lower risk estimates for overall cancer than the estimate in the meta-analysis published in 2013, with HRs or SIRs of 0.83, 0.98, 0.94, 1.21 and 1.08, respectively. Furthermore, the risk estimates of leukaemia, neuroblastoma and retinoblastoma in most of the five studies were also lower than those in the meta-analysis published in 2013. These five cohort studies were large with a total of 440 cancer cases identified in 236,745 children conceived by fertility treatment, and their cohort design rendered little risk of recall bias; it means they could add important data to the knowledge base and increase the power of our results.
An important limitation, which must be noted and existed in the 2013 meta-analysis 7 as well as in our study, was the inability to account for underlying parental infertility. Due to the limitation in included studies, the relative excess observed risk between fertility treatment and the development of these tumours are not evidence of causation. Both of the two meta-analyses cannot distinguish whether the elevated cancer risk in offspring born after fertility treatment is associated with underlying parental infertility, or the procedure itself. Evidence suggested that epigenetic alterations could be an important cause of infertility, rather than an outcome of the procedure used to treat it. 41, 42 Thus, infertile couples using fertility treatment could have a higher risk of epigenetic defects in their gametes, which fertility treatment is simply uncovering. 43 In addition, males with fertility problems may have DNA defects in their sperm, since abnormalities such as loosely packed chromatin and DNA damage have already been reported in semen sample with poor quality. [44] [45] [46] In our study, we assessed the effect of fertility treatment on childhood cancer by using subgroup analysis based on two studies regarded children whose mother had a diagnosis of infertility but conceived naturally as control, and no elevation in risk of cancer was found. Although the two studies were designed to adequately consider the underlying infertility, they involved only 95 cancer cases which might have limited statistical power to detect potential elevations in risk. Therefore, further studies are needed to clarify the relation among parental infertility, fertility treatment and cancer in offspring. For that, it is crucial to ascertain in any study design the underlying cause of infertility. If, for example, epigenetic alterations are found only among those couples with sperm maturational defects or ovarian failure but not among those with mechanical problems (e.g., tubal disease), then these alterations are unlikely to be caused by the procedure.
In addition, significant unmeasured confounding factors except for parental infertility may have contributed to the observed association between fertility treatment and childhood cancer in this meta-analysis. Although none of them have adequately controlled all potential confounding factors, such as age, gender, maternal age at birth, socioeconomic status, maternal smoking, low birth weight, congenital malformations, and imprinting disorders, 21, 25, [47] [48] [49] [50] [51] [52] [53] nearly 90% of the studies (26/29 studies) included have controlled for more than one potential confounding factors. Here, 23 studies adjusted or matched for age and/or gender of children, 13 studies for maternal age at birth, 8 studies for parental socioeconomic status, 5 studies for birth order/parity, 8 studies for birthweight and gestational age, 4 studies for maternal smoking during pregnancy, and 3 studies for maternal pregnancy complication, congenital malformations or chromosomal aberrations. Unique to our study, we conducted sensitivity analyses to consider the effects of those potential confounding factors. Results showed that exclusion of studies without any adjustment or match yielded similar results for all estimates, as exclusion of studies adjusted/matched only for age and/or gender of children did. It is worth noting that, some factors that could not be controlled within included studies including countryspecific differential medical practices, epigenetic/environmental factors, and changes in treatment of infertility over time, may also have an influence on the results of our study. If data allow, an effort could be made to present the role of those potential confounding factors in the association between fertility treatment and childhood cancer through meta-regression or subgroup analysis processes. However, we were unable to obtain adequate data on these factors.
A further limitation of the current meta-analysis was that about 45% of the studies (13/29 studies) were performed with a case-control design, with inherent limitations regarding inaccurate data of exposure as well as the risk of recall bias. 54 However, the Motherisk Program in Toronto found that underreporting of exposure information related to clinic visits was less likely 55 ; it means that recall bias is not a problem in studies concerning children conceived by fertility treatment, as mothers may remember the treatment they received through a clinic. Moreover, Petridou et al. pointed out that case-control studies may offer advantages over cohort studies since inappropriate cohorts might constitute the lack of evidence rather than the evidence of no effect of assisted reproduction. 18 In addition, although a series of subgroup and sensitivity analyses were performed, novelty of our findings seems to be restricted by the availability of data on various types of fertility treatment, changes in treatment of infertility over time, and specification of childhood cancer due to the paucity of relevant data. Further studies with large sample size, and detailed data on types of fertility treatment and childhood cancer and changes in treatment of infertility are needed. Even though a total of 29 studies were included, part of outcomes reported relied on a limited number of studies. More relevant studies should be included in future systematic reviews to provide further support for our results. Finally, although an attempt was made to minimize the possible bias in the process of document retrieving with specific searches in major English-Chinese databases (including master and doctoral theses), there may still be some unidentified papers. Fortunately, as the results of Egger's test showed, there was no publication bias found in all estimates.
The strength of our study is the large sample size from all available studies with a total of 578 cancer cases in individuals conceived by fertility treatment which helps to enhance statistical power to provide more reliable and precise risk estimates. Risk estimates for most of the common and rare childhood cancers were calculated, most of which were homogenous. Results of subgroup analysis could answer specific questions about study design, exposure and control, as results of the sensitivity analyses based on various exclusion criteria supported the robustness of the observed association between fertility treatment and childhood cancer. At the beginning of the study, a comprehensive search strategy was used to identify relevant studies which were later screened by a series of stricter selection criteria. Furthermore, the inclusion of more recent studies means that the findings are more likely to be related and more applicable to current practice.
Two questions that were previously raised but not resolved are again presented here. Firstly, is the association between fertility treatment and childhood cancer causal? To answer this question, several issues should be taken into account, including parental age, genetic, epigenetic, and environment confounders. If the answer to the question is yes, what is the exact mechanism behind the increase of childhood cancer risk? Epigenetic alterations may offer insights. Further well-designed studies with large sample and longer follow-up time, which adequately considered the potential confounding factors, are warranted to address the two questions for a better understanding of the association between fertility treatment and childhood cancer, and to provide convincing evidences for clinical management of children conceived by fertility treatment.
Finally, to better obtain meaningful data, as suggested, the national registry reporting outcomes after ART (fertility drugs as well, if available) should be cross-linked to the cancer registry. 56 A specific set of variables associated with increased cancer risk should be collected to build solid database, such as age of couples, years of unwanted childlessness, type of infertility, smoking, body mass index, genetic familiarity for cancer and others.
Conclusions
Our results may demonstrate a possible association between fertility treatment and increased risks of overall cancer, haematological malignancies, other solid tumours, leukaemia and hepatic tumours among the offspring. However, the findings cannot say whether this increased risk is due to the subfertility itself or to the fertility treatment. These findings should not prevent parents from seeking treatment of infertility, but they should be aware of the possible increased risk of cancer among their offspring. Moreover, guidelines of clinical monitoring for children conceived by fertility treatment are welcome, but should be based on valid data. Further research is needed to address the question whether fertility treatment itself or underlying parental infertility or a combination of these bring about increased risks of cancers in offspring among the pregnancies receiving fertility treatment.
